Abstract: Toxicological data on silkworm Bombyx mori are quite comparable to those of other lepidopteran pest insects, therefore, it is considered as a suitable model for exploring effects of any new synthetic formulations. In this study, female V instar larvae of silk moth B. mori were chosen to evaluate the lethal and sublethal toxicity effects of RH-2485 (methoxyfenozide), a non-steroidal ecdysteroid agonist and to substantiate the ecdysteroid mimicking action of RH-2485 on ovary development, vitellogenin incorporation and egg production in isolated pupal abdomen (IPA). Probit analysis was carried out to find the median lethal dose (LD50) from 96 h cumulative mortality percent. Protein profile of haemolymph, fat body, ovary and eggs were separated in SDS-PAGE. Western blot analysis was carried out to confirm vitellogenin in the ovary. Sublethal effects on feeding, cocoon spinning, pupation, adult emergence and egg production were studied at doses of 1/5 th , 1/10 th and 1/20 th of LD50. Significant changes were observed in all these parameters at all three sublethal doses. The morphological effects were related to underlying biochemical changes by finding the changes in haemolymph, fat body, ovary and egg protein profile. Marked changes were observed in storage proteins (80 kDa) and 30 kDa proteins in the haemolymph at all three sublethal doses. The larvae that escaped the sublethal effects at a dose of 1/20 of LD50 and emerged as adults with malformed wings produced significantly lower number of eggs. The isolated pupal abdomen (IPA) treated with RH-2485 did not metamorphose into adult but the oocyte development and vitellogenesis were normal but the egg precursor processing was incomplete leading to failure in choriogenesis.
Introduction
The focus of the twentieth century on pest management was to device the best strategies for protecting plants from insect pests, limiting resistance to the agents of pest control and also protecting the beneficial organisms. Strategies devised on the basis of insect endocrine system have provided an excellent means of pest management through the discovery of ecdysteroid mimics. One of the important insect hormones involved in metamorphosis is ecdysone, which is a steroid. The most potent form of ecdysone in insect is 20-hydroxyecdysone (20E). It gives a pivotal temporal cue and directs many critical events in embryogenesis, larval moulting, metamorphosis and adult reproduction (Raikhel et al. 2005 ). Rohm and Haas Company, Philadelphia, USA, discovered a purely synthetic group of dibenzoylhydrazine derivatives like RH-5849 and RH-5992, which mimicked ecdysone (Wing 1988; Rohm & Haas 1994) . As ecdysone agonists, these manifest their toxic action via interaction with ecdysteroid-receptor complex of target species. RH-5992 (Tebufenozide) had undergone a considerable field evaluation and had proven to be very efficient in controlling lepidopteran pests in orchards, vineyards, vegetable field and forests and marketed under the brand name MIMIC , CONFIRM , ROMDAN (Smagghe et al. 1998 ). RH-5992 was reported to have high potential in integrated pest management as it exhibited low toxicity to non-target species like mammals, birds, and fishes and is considered safe to beneficial arthropods, parasitoids and predators. Sundaram et al. (2002) studied the effect of tebufenozide on adult development in the spruce budworm, Choristoneura fumiferana (Clemens, 1865). As the effective usage of RH-5992 towards pest management was in progress, the two additional members of ecdysteroid agonist RH-2485 (Methoxyfenozide, INTREPID ) and RH-0345 (Halofenozide, MACH2 ) were developed for agriculture and turf markets, respectively (Le et al. 1996; Carlson 2000) . Comparative toxicity of these three ecdysone agonists was carried out in Mediterranean flour moth by Hami et al. (2005) .
These synthetic formulations marketed as insecticides in agricultural pest control, induced feeding arrest and precocious moult immediately after application at recommended doses. Cessation of feeding and precocious moulting in the larvae treated with RH-2485 were reported by Wing et al. (1988) in Manduca sexta (L., 1763), Silhacek et al. (1990) in Plodia interpunctella (Hübner, 1813), Darvas et al. (1992) in Spodoptera littura (F., 1775), Smagghe & Degheele (1993) in Spodoptera exigua (Hübner, 1808) and Spodoptera exempta (Walker, 1858), Leondardi et al. (1996) in Bombyx mori L., 1758, Retnakaran et al. (1997) in Choristoneura fumiferana and Smagghe & Degheele (1994) in S. exigua. At low doses, suppression of weight gain after treatment with RH-5849 or tebufenozide was also reported by Oberlander et al. (1995) , Smagghe et al. (1995 Smagghe et al. ( , 1997 , Blackford & Dinan (1997a, b) . Low amount of food intake in the larvae of Lacanobia oleracea (L., 1758) treated with RH-5849 and RH-5992 was considered as an important factor contributing to the decline in body weight (Blackford & Dinan 1997a) .
These agonists are chemically simpler than ecdysteroids and are more apolar and therefore penetrate the insect cuticle easily (Dinan 1995) . Even though these compounds do not resemble the moulting hormone in their structure, these are found to act through the ecdysone receptor at the molecular level. The nonsteroidal analogues though, act as weak agonists at the level of ecdysteroid receptors in insects which were capable of activating the ecdysone receptor complex at a much lower concentration than the naturally occurring hormone . These agonists were not readily cleared off from the cells and were metabolized less rapidly (Retnakaran et al. 1997) . The persistence of tebufenozide in the body of the treated larvae prevented successful shedding of the cuticle in S. exempta and S. exigua (Smagghe & Degheele (1994) . The longer persistence of methoxyfenozide also prevented the expression of down regulated genes by 20E. Retnakaran et al. (1995) have reported that the persistence of tebufenozide in the body tissues of C. fumiferana permitted the expression of cuticular protein genes (LCP14) that were upregulated by the presence of 20E, but did not permit the expression of those genes that were turned on in the absence of this hormone. Carlson et al. (2001) suggested that the longer persistence/slow removal of RH-2485 resulted in disruption of moulting process leading to the death of the larvae.
In holometabolous insects the larval form is often described as a herbivorous eating machine. The essential nutrients needed for the adult development are obtained only during the larval stage. A common means of reserving amino acid in insects is through the synthesis and storage of proteins commonly known as storage proteins (Wyat & Pan 1978) . A class of larval storage proteins is rich in aromatic amino acid and is called arylphorins. Due to their hexameric nature they are also sometimes referred as hexamerins (Telfer & Kunkel 1991) . A second class of methionine rich storage proteins was reported in B. mori (Tojo et al. 1980 ). The latter is female specific, as it is expressed only in females. These storage proteins are expressed only in the last larval instar and are sequestered and stored in the fat body for future use (Tojo et al. 1981; Vanishree et al. 1999 Vanishree et al. , 2005 .
The insect egg also takes up haemolymph proteins during oogenesis. Vitellogenin is an important protein synthesized in the fat body transported in the haemolymph to the ovary (Kanost et al. 1990 ). This protein is a phosphoglycolipoprotein (Engelmann 1979) . Vitellogenin is sequestered into the oocyte by receptor mediated endocytosis (Sappington & Raikhel 1998) Since the haemolymph protein pool acts as a reserve source of amino acid, transport of proteins, any change in the synthetic activity or utilization pattern, it is reflected in the haemolymph protein turn over. It is quite logical to assume that the study on change in haemolymph protein would be an index of synthesisutilization pattern of proteins.
Toxicological data on silkworm B. mori are quite comparable to those of other lepidopteran pest insects (Kubo et al. 1983) , therefore, it is considered as a suitable model for exploring effects of any new synthetic formulations. In this study, V instar larvae of silk moth B. mori were chosen as a model system to evaluate the lethal and sublethal toxicity effects caused by RH-2485 (methoxyfenozide) and to substantiate the ecdysteroid mimicking action of RH-2485 on ovary development, vitellogenin incorporation and egg production in isolated pupal abdomen (IPA).
Material and methods

Experimental animal: Bombyx mori
The study was carried out with fifth (V) instar larvae of mulberry silkworm B. mori (Lepidoptera: Bombycidae), a holometabolous insect with four stages of development as egg, larva, pupa and adult. The life cycle is completed in 42 to 45 days. The V instar lasted for 7 days of active feeding. Freshly moulted V instar female larvae of B. mori weighing 0.99 g were selected for the present study.
Acute and sub lethal toxicity assay Day 1 V instar female larvae of B. mori were subjected to topical application of various doses of RH-2485 ranging from 1 µg to 100 µg g −1 larva of methoxyfenozide in acetone. The effects were evaluated at two different phases. In the first phase 1, 2.5, 10, 25, 50 and 100 µg g −1 larva were applied topically. In the second phase, the doses selected were 0. 001, 0.025, 0.075, 0.100, 0.150, 0.200, 0.225, 0.250, 0 .500 and 0.750 µg g −1 larva. The required concentrations were prepared afresh just before application. The larvae were closely monitored for any neurotic symptoms, feeding response, survival and morphological abnormalities.
Computation of median lethal dose (LD50) Mortality of female larvae was recorded for the different groups after every 24 h application for a period of 96 h. Since, 96 h mortality was 100% at doses above 1 µg g −1 larva, the mortality for these doses was not considered for Formula 1. Structure of non-steroidal ecdysteroid agonists (Retnakaran et al. 1995) Formula 2. Structure of 20-hydroxyecdysone the computation of median lethal dose. Cumulative mortality percentages of larval groups treated with different doses of RH-2485 specified in the narrow range were subjected to probit analysis and LD50 was found out (Software SPSS 9.05).
Effect of RH-2485 on isolated pupal abdomen
The isolated pupal abdomen (IPA) serves as an ideal material for studying the effect of ecdysone (Ohnishi 1987) . IPA was obtained through ligature of the prepupa. The larvae on day 2 of spinning were ligated between the last thoracic and first abdominal segments using surgical thread. The head with the thorax in front of the ligature was cut and removed. Anterior cut end was medicated with antibiotic penicillinstreptomycin and phenylthiourea to prevent infection of the open wound. Molten paraffin wax was applied to block the oozing of haemolymph. Such isolated larval abdomen transformed into pupal abdomen on the next day. The IPA was kept for 24 hours for metabolic degradation of endogenous ecdysteroids. 1/20 th of LD50, i.e., 0.0162 µg g −1 isolated abdomen of RH-2485 was applied topically on ventral side of the pupa between sternal plates at the region of inter segmental membrane. A similar dose was administered on the next two days as well. These IPAs were examined for ovarian growth, vitellogenin incorporation and choriogenesis in eggs.
Sublethal effects on protein profile
The sub lethal effects of RH-2485 on the protein profile of the haemolymph and ovary and eggs were studied in different test groups at an interval of 24 h. The first group served as control, the second group (positive control) was treated with acetone and the other three groups were topically applied with 1/20 th , 1/10 th , and 1/5 th of LD50. The experiments were carried out in triplicate for conformity. The results relating to the effect of positive control are not included since there was no difference between the control and the positive control.
Collection of samples, extraction and quantification of proteins
The haemolymph samples were collected from both larvae and pupae. A slit was made in the first proleg of the larva and the bleeding haemolymph was collected in a microfuge tube pre-rinsed with phenylthiourea (to prevent the activity of tyrosinase) and kept preserved in the ice-cold condition. The pupae and adults were bled through an incision made at the extremities. The haemolymph samples were collected and an equal volume of Tris buffer of pH 7.2 was added and centrifuged at 10,000 rpm for 15 minutes at 4
• C to remove the haemocytes and other debris. The protein extract was collected individually and stored at -75
The perivisceral fat body (PVF), ovary and eggs were collected, washed with insect Ringer solution containing antibiotics (penicillin) to make the sample free from haemolymph and the samples were homogenized with Tris buffer of pH 7.2 individually, centrifuged at 10,000 rpm for 15 min at 4
• C. The supernatants containing the proteins were collected and stored individually at -75
• C for further analysis. The egg homogenate was filtered through a muslin cloth before centrifugation. The total protein concentrations in the haemolymph, ovary and eggs were estimated by Bradford (1976) with Bovine Serum Albumin (BSA) as standard.
Sodium dodecyl sulphate-polyacrylamide gels (SDS-PAGE)
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed to separate the proteins by adopting the method of Laemmli (1970) . Protein extract containing 50 µg of total protein was mixed with sample loading buffer and boiled for 1 min and subjected to electrophoresis on 7 or 10% of separating gel and 4% stacking gel.
Western Blotting
Western blot analysis was carried out according to the method of Towbin et al. (1979) . Total protein extracted from the ovary and eggs of IPA treated with RH-2485 and eggs of normal moth were separated in 7% linear SDS-PAGE, transferred to nitrocellulose paper, probed with primary antibody to vitellogenin. The primary antibody was then probed with secondary antibody tagged to a marker enzyme hydrogen peroxidase. The position of vitellogenin on the NC paper was identified with the purple colour developed by hydrogen peroxide with its substrate chloro-1-naphthol. The purple colour bands were photographed and interpreted.
Results
Acute toxicity effects of RH-2485 and determination of LD 50
The topical application of different doses (1-100 µg g −1 larva) of RH-2485 to day 1 of V instar larvae resulted in changes in feeding, survival and metamorphosis. At a dose of 100 µg g −1 larva, there was an immediate extrusion of haemolymph leading to shrinkage of the body. The larvae that received a dose of 10 µg g −1 larva stopped feeding and displayed apparent neurotic effects like loss of balance and curling of the body within 6-12 h of application (Fig. 1) . At all doses of 1 µg/g larva and above, the larvae refused to feed and 100% mortality was observed within a period of 96 h.
The symptoms were totally different at doses ranging from 0.01 to 0.75 µg g −1 larva, at a dose 0.75 µg g −1 larva, the larvae fed only for 3-4 h and then stopped feeding. A sizable number of the treated larvae exhibited rectal and silk gland prolapse at a dose of 0.5 µg g −1 larva after 72 h of treatment (Fig. 2) . The larvae subjected to 0.175 µg g −1 larva excreted faecal matter in the form of beads on a string (Fig. 3) . At a dose of 0.150 µg g −1 larva, these were able to spin small loose and fragile cocoons (Fig. 4) . The mortality dose response curve (probit) for the female larvae with 95% upper and lower confident limits gave a Median Lethal dose (LD 50 ) of 0.324 µg g −1 larva. The three sublethal doses selected for further study were 1/20 th (0.0162 µg g −1 larva), 1/10 th (0.0324 µg g −1 larva) and 1/5 th (0.0648 µg g −1 larva) of LD 50 .
Sublethal effects on growth and metamorphosis
Both the control and RH-2485 treated larvae continue to feed and gain weight but showing differences with respect to dose. The differences in weight gain between the experimental and control larvae were insignificant (P > 0.05) during early V instar but highly significant (P < 0.01) during late V instar (Fig. 5) . The weight gain during the V instar was significantly suppressed by RH-2485 treatment in a dose dependent manner (Fig. 5) . Table 1 shows the sublethal effects of RH-2485 on V instar larvae on spinning, pupation and subsequent adult emergence. The control larvae were found to feed nor- Explanation: The values were calculated from 5 groups of 20 larvae each. a -P < 0.01, b -P < 0.05, c -P > 0.05. Significance of differences was based on Student t'test. mally, spin cocoons, pupate and emerge as adults. In larval groups treated with the highest sublethal dose (0.0648 µg g −1 larva), a significantly less number of the larvae started spinning cocoons and subsequently perished either as pre-pupae or as larval pupal intermediates (LPI). For instance, at the highest sublethal dose the treated larvae never ecdysed into pupa, most of them transformed into larval pupal intermediate (LPI) or remained as dauer larvae (Fig. 6) . The dorsal thorax was of larval nature and abdomen with sclerotized cuticle was of pupal nature (Fig. 6B ). In addition, there was adhesion of old cuticle with remnants and newly formed cuticle. A few individuals that completed cocooning remained as pre-pupa that showed patches of pupal cuticle (Fig. 6C, D) . Only 15.89% of larvae treated with the lowest sublethal dose eclosed as adults with malformed wings or vestigial wings (Fig. 7) .
Effect of RH-2485 on egg development and choriogenesis The larval groups treated with 0.0324 and 0.0648 µg Fig. 9 . Effect of RH-2485 on the haemolymph protein profile of V instar female larvae of Bombyx mori subjected to topical application from day 1-4 of V instar resolved in 10% SDS-PAGE. 1 -control; 2 -treated (0.0162 µg g −1 larva); 3 -treated (0.0324 µg g −1 larva), 4 -treated (0.0648 µg g −1 larva), 5 -dauer larva, MWM -Molecular Weight Marker. Fig. 10 . Effect of RH 2485 (0.0162 µg g −1 larva) on protein profile of perivisceral fat body of V instar female larvae of Bombyx mori subjected to topical application from day 1-4 of V instar resolved in 10% SDS-PAGE. 1 -control; 2 -treated (0.0162 µg g −1 larva); 3 -treated (0.0324 µg g −1 larva); 4 -treated (0.0648 µg g −1 larva), MWM -Molecular Weight Marker. g −1 larva of RH-2485, failed in larval-pupal ecdysis and perished without any further development. Contrarily, 16.00% of the larvae treated with 0.0162 µg g −1 larva of RH-2485 completed pupal stage and eclosed into adult. Consequently, the RH-2485 treated individuals produced only a less number of eggs (266.09/female) compared to control (466.072/female) but all these eggs were with hard chorion like the control (Fig. 8) .
Effect of RH-2485 on major haemolymph proteins
The proteins extracted from the female haemolymph got resolved into a number of bands ranging in molecular weight from 220 to 12 kDa in 10% SDS-PAGE (Fig. 9) . The staining intensities were high at 80 kDa followed by 30 kDa. There were three polypeptides at 80 kDa region with molecular weight of 82, 76 and 72 kDa. The 82 kDa polypeptide was identified as storage protein 1 (SP1) and was female specific occurring only in female. The other two, 76 and 72 polypeptides were identified as storage protein 2 (SP2). The identification is based on the result of Vanishree et al. (1999) . The storage proteins increased in concentration during the active feeding period (not shown in Figs) with a maximum on day 0 of spinning ( Fig. 9A) , followed by sharp decrease during larval pupal transition (Fig. 9B-D) . The changes in intensities of storage protein in haemolymph of treated larvae were on par with the control though there was difference in early spinning (Fig. 9A, B) . In contrast to this, the dauer larvae had a very high intensity of polypeptides at 80 kDa region (Fig. 9D, lane 5) . The second group of polypeptides in the haemolymph that increased like 80 kDa protein was at 30 kDa region (Fig. 9A-D) . But the intensities of these peptides were lower in all treated larvae than that of the control.
Effect of RH-2485 on protein profile of perivisceral fat body (PVF)
The protein profiles of perivisceral fat body (PVF) in control and RH-2485 treated female are presented in Fig. 10 . Panel A shows the protein profile of larvae on day 6 (i.e., 5 days after treatment) of V instar. The larvae treated with a dose of 1/10 and 1/5 of LD 50 started to spin and their fat boy showed three polypeptides at 82, 76 and 72 kDa in (Fig. 10A, lanes 3, 4) . But the control larva and the larva treated with 1/20 of LD 50 were actively feeding and did not show these three polypeptides (Fig. 10A, lanes 1, 2) . The protein profile of the larvae after 6 days of treatment are presented in Fig. 10 B, both control larva and larva treated with 1/20 of LD 50 started spinning cocoon, PVF of control larva had polypeptide at 82 kDa region (Fig. 10B , lane 1) and the larva treated with 1/20 of LD 50 had all three polypeptides at 82, 76, 72 kDa (Fig. 10B, lane 2) . On the following three days, most of these larvae completed cocooning and there was an increase in intensities of all the three polypeptides ( Fig. 10C-E) . The protein profile of day 0 control pupa and the pupa emerged from the larva of treated group (1/20 of LD 50 ) are given in Fig. 10E , lane 1 and 2, respectively. The protein profile of LPI formed from the larvae treated with a dose of 1/10 and 1/5 of LD 50 are given in Fig. 10E , lane 3 and 4, respectively. The polypeptide at 82 kDa region was identified as Storage protein 1 (SP1) which was female specific and the polypeptides at 76 and 72 kDa regions were identified as Storage protein 2 (SP2) which was present in both the sexes. The identification of SP1 and SP2 are based on the study of Vanishree et al. (1999 Vanishree et al. ( , 2005 . Since it was not possible to collect PVF from dauer larvae, its protein profile of PVF is not presented.
Effect of RH-2485 on protein profile of ovary and egg
The protein extracted from the ovary of day 3 control pupa showed polypeptides ranging in molecular weights from 210 to 30 kDa in Coomassie blue stained 7% SDS-PAGE (Fig. 11) . The protein profile of eggs of day 0 control adult and the adult that metamorphosed from the larvae treated with 0.0162 µg g −1 larva was absolutely similar to control (Fig. 11, lane 1-6 ). There were prominent groups of peptides at 205, 180, 80, (82, 76, 72) , 42 and 30 kDa regions (Fig. 11, lane 1) . The protein profile of day 6 pupa showed well marked changes, like absence of polypeptide at 82 and 205 kDa and an increase in the intensities of polypeptide at 64 kDa (Fig. 11,  lane 3) . The protein profile of eggs of day 0 adult had five polypeptides at 180, 72, 64 42 and 30 kDa regions (Fig. 11, lane 5) .
Effects on isolated pupal abdomen (IPA)
The influence of RH-2485 on metamorphosis, ovarian development and vitellogenin incorporation was stud- Fig. 11 . Effect of RH 2485 (0.0162 µg g −1 larva) on protein profile of ovary (pupa) and eggs (adult) resolved in 7% SDS-PAGE. The larvae and adults eclosed from larvae subjected to topical application from day 1-4 of V instar. 1 -control pupa ovary of day 3; 2 -treated (0.0162 µg g −1 larva) pupa ovary of day 3; 3 -control pupa ovary of day 6; 4 -treated (0.0162 µg g −1 larva) pupa ovary of day 6; 5 -control adult of day 0; 6 -treated adult of day 0 (0.0162 µg g −1 larva); MWM -Molecular Weight Marker. ied by subjecting the isolated pupal abdomen (IPA) to the topical application of RH-2485. When the prepupae were ligated between the last thoracic and first abdominal segment on day 1 of spinning, it failed in pupation (Fig. 12B, C) and perished within three days as pre-pupae. But when a similar ligature was placed on the evening of day 2 of spinning, pupation was observed on the next day (Fig. 12D, E) . These IPA never Fig. 14 . Effect of RH-2485 (0.0162 µg g −1 pupa) on the ovarian development in IPA of silkworm Bombyx mori. A -immature ovary from IPA of day 1 of pupal age; B -ovary with its ovarioles from treated IPA of day 3 of pupal age; C -ovariole from treated IPA on day 6 of pupal age; D -ovariole from treated IPA on day 8 of pupal age; E -ovariole from day 0 control adult. emerged as adult either with (Fig. 13C, D) or without (Fig. 13 E) RH-2485 treatment when compared to control adult (Fig. 13A) even when maintained for a longer duration of time.
The ovary of IPA on day 1 of pupal age was triangular in shape and did not show the spread of ovarioles from the ovarian capsule (Fig. 14A) . Topical application of 0.0162 µg g −1 pupa of RH-2485 onto IPA caused the rupture of ovarian capsule and the subsequent spread of the ovarioles into the body cavity on day 3 (Fig. 14B) . Further increase in the number and size of oocytes were observed on day 6 (Fig. 14C) . During the course of subsequent development, the number of eggs increased (Fig. 14D) . But the number of eggs were less in comparison with day 0 control adult (Fig. 14E) .
Topical application of RH-2485 on to IPA resulted in an increase in polypeptides at 180, 80, 72, 42 and 30 kDa polypeptides in the ovary (Fig. 15A, lane 1-4) . But the IPA without RH-2485 did not show any of these peptides (Fig. 15A, lane 5) . The polypeptides at 180 kDa and 42 kDa were identified as heavy and light subunits of vitellogenin in western blot analysis (Fig. 15B, lane 2-4) . A faint cross reactivity was also observed at 30 kDa region. Similar western blot results were obtained for the ovary of IPA and the eggs of normal adult (Fig. 15B, lanes 2-4 and 6) . These results provide conclusive evidence for induction of vitellogenesis in B. mori in the absence of cephalo-thoracic sources of ecdysone. Fig. 15A shows the protein profile of eggs on mini gel that was subjected to western blot analysis. The polypeptide at 180 and 42 kDa were identified as heavy and light sub-units of vitellogenin in western blot analysis with vitellogenin antibody (Fig. 15B) .
Therefore, the topical application of RH-2485 could induce the ovarioles to develop in the IPA which otherwise remained under developmental arrest. But these eggs did not have hard chorion (Fig. 16A) on that day when the normal adult produced had chorionated eggs (Fig. 16.B) .
Discussion
The results of this study showed larvicidal and antifertility effect of RH-2485, a non-steroidal ecdysteroid agonist in the model organism Bombyx mori and at the same time, it revealed the versatile and complex action of this agonist on development, metamorphosis, sequestration of major haemolymph storage proteins (SP1 and SP2) and vitellogenin and egg production. Acute toxicity effects like loss of balance, tremors and extrusion of haemolymph immediately after topical application were consistent with earlier observations made in Leptinotarsa decemlineata Say, 1824 and Epilachna arivestis Mulsant, 1850 (Aller & Ramsay 1988) , Popillia japonica Newman, 1841 (Monthean & Potter 1992) and Harmonia axyridis Pallas, 1773 (Carton et al. 2003) . The observations on cessation of feeding were in good agreement with the findings of Wing et al. (1988) in M. sexta, Silhacek et al. (1990) in P. interpunctella, Darvas et al. (1992) in S. littura, Smagghe & Degheele (1993) in S. exigua and S. exempta, Leonardi et al. (1996) in B. mori, Retnakaran et al. (1997) in C. fumiferana. Tremor and loss of balance could be due to blockage of K + channel in nerves and muscles in response to non-steroidal ecdysteroid agonist (Salgado 1992) . The rectal and silk gland prolapse could be due to the hyper stimulation of cuticle forming process in rectal epithelium. Since a few in vitro and in vivo studies showed that the proctodeal epithelium exposed to ecdysteroids exhibited a considerable expansion and a high degree of differentiation resulting in proctodeal dilation in M. sexta and Hyalophora cecropia L., 1758 (Judy & Marks 1971) . The ecdysteroid mimics RH-5849 and RH-5992 (tebufenozide) were also reported to cause patho-physiological symptoms, hyperecdysonism or neuro toxic effects at much lower concentration in Galleria mellonella (L., 1758) and M. sexta (Slama 1995) .
Dose-dependent inhibition of larval growth and morphogenesis observed is apparently due to reduced food intake associated with a reduced physiological conversion (Leonardi et al. 1996) . Similar decreases in weight gain in response to other analogues of RH-2485 were reported by Oberlander et al. (1995) , Smagghe et al. (1995 Smagghe et al. ( , 1997 and Blackford & Dinan (1997a, b) . Incomplete cocooning and unsuccessful pupation resulted in prepupa and larval-pupal intermediates (LPIs) leading to death in the treated larvae, are mainly due failure or incomplete shedding of old cuticle. Continuous building up of this compound in the haemolymph and the persistence of tebufenozide in the body of the treated larva prevented successful shedding of the cuticle in S. exempta and S. exigua and (Smagghe & Degheele, 1994) . Retnakaran et al. (1995) had reported the persistence of tebufenozide in the body tissues of C. fumiferana which permitted the expression of cuticular protein genes (LCP14) that were upregulated by the presence of 20E, but did not permit the expression of those genes that were turned on in the absence of the hormone. Similarly, Carlson et al. (2001) suggested that the longer persistence/slow removal of RH-2485 resulted in death of the larvae due to failure in moulting process. Further, high level of the mimic would have prevented the release of eclosion hormone, as exogenous ecdysteroids prevented the production and or release of eclosion hormone leading to metamorphic arrest in M. sexta (Truman et al. 1983) .
Malformed or vestigial wings in the adults that escaped the toxic effects at 1/20 th sublethal dose, is yet another evidence for ecdysteroid mimicking action of RH-2485 on imaginal wing disc. 20E is an absolute necessity for the initiation and the sustenance of the imaginal wing disc evagination in lepidopteran insects during the normal development. Imaginal discs are programmed and committed to differentiation into adult wings at late larval stage under appropriate concentration of ecdysone (Riddiford 1976) . High concentrations of 20E suppress mitosis in wing disc cells in B. mori in vitro. Various wing abnormalities were seen in different lepidopteran insects treated with RH-5992 at larval or pupal stages .
At molecular level, the changes observed in the haemolymph protein profile are on par with the results of Kumar et al. (2000) in the haemolymph of B. mori treated with RH-5992. There was a correlation between the decrease in storage proteins in the haemolymph and an increase in storage proteins in the PVF in all the treated larvae irrespective of dose and whether the pupation was complete or incomplete. In all the RH-2485 treated larvae, there was a general decrease in haemolymph 80 kDa protein (SP1 and SP2) earlier than the control and this decrease was associated with spinning in the treated larvae. High intensities of SP1 and SP2 in the dauer larvae which failed to spin indicated a failure in sequestration of these proteins by the PVF. During the V instar, storage proteins resolved at 80kDa, are synthesized from the fat body cells and secreted into the haemolymph and sequestrated by different tissues (Tojo et al. 1980; Vanishree et al. 1999) , particularly by the pupal PVF and stored as protein granules to provide energy and amino acid for metamorphic pupa (Vanishree et al. 2005) . The synthesis, accumulation and sequestration were under the control of 20E (Tojo et al. 1981; Ashfaq et al. 2007 ). Thus, the effects of RH-2485 on storage proteins also support the ecdysteroid mimicking action of RH-2484.
A note worthy observation made in the larval haemolymph protein profile in all the treated larvae was the reduction in 30 kDa protein in the haemolymph irrespective of doses. At higher sublethal doses of RH-2485 all the larvae had a very low density of 30 kDa protein, most of the dead larvae displayed symptoms of bacterial infections. The role of 30 kDa protein is not yet fully elucidated, but the polypeptides at 29-30 kDa regions were responsible for defense against pathogenic organisms and prevention of leakage from the gut (Kanost et al. 1990 ). The decrease in the intensity might be taken as an evidence for a decline in synthesis or an increase in the utilization of this protein. The death in these treated larvae could be attributed to the weak antibacterial defense (Aizawa 1991) rather than the toxic effects of the mimics.
Though there was a drastic reduction in adult emergence and egg production at 1/20 th of sublethal dose, there were absolutely no differences in the egg protein profile from the control eggs. RH-5849 & RH-5992 interfered with the ovulation and oviposition in S. littoralis (Smagghe & Degheele 1992) . Seth et al. (2004) have reported the deposition of RH-5992 in the gonads of both male and female S. littoralis leading to sterility. Reduction in fecundity and fertility in codling moth Cydia pomonella (L., 1758) was also reported by Sun et al. (2000 Sun et al. ( , 2003 .
The development of oocytes in the ovary and presence of vitellin heavy (180 kDa) and light chain (42 kDa) and 30 kDa proteins in the ovary of the IPA that received RH-2485 and absence of all these changes in the IPA without RH-2485, are clear evidences for the positive influence of RH-2485 on ovary development. But, the presence of 80 kDa polypeptide in the IPA and its absence in the normal eggs leads to the conclusion that the precursor processing was incomplete. As early as 1979, Engelmann suggested that the female specific storage protein (SP1) might supply amino acids, for the formation of vitellogenin, a precursor for yolk protein.
The occurrence of storage protein with high methionine content in the ovary might supply sulphur containing amino acids for chorion formation (Cheon et al. 2001) . Absence of 64 kDa polypeptide and chorion in the eggs of IPA, were clear evidences for the inhibitory effects of RH-2485 (Sato & Yamashita 1991) .
Electron microscopic observations on the ovary of P. interpunctella subjected to RH-5992 showed the production of smaller and fewer chorionated eggs. Abnormal empty spaces between the different oocytes in the ovarioles, a thinner chorion wall of oocyte and finally the degeneration of the ovaries were reported in mealworm in response to RH-0345 (Taibi et al. 2003) . The mechanism by which RH-2485 cause the arrest of oocyte maturation is not fully known, it is presumed that the longer persistence of the mimic would have caused the arrest, by sustaining the receptor-complex. This may be analogous to what was explained by Retnakaran et al. (1995 Retnakaran et al. ( , 1997 for lethal moulting in C. fumiferana and homologus to the observation made by Swevers & Iatrou (1999) on oogenesis and choriogenis arrest in B. mori by RH-5992.
To conclude, the results provide authentic supports to the larvicidal, anti-fertility and -fecundity effects of non-steroidal ecdysteroid agonist RH-2485 as it affects development, metamorphosis, major haemolymph proteins, egg precursor processing and choriogenesis in the model organism silkworm B. mori. Further investigations on the impact of this compound on 30 kDa protein gene expression would throw light on understanding insect defense. Study of this kind would help in evolving strategies for effective pest management.
